. . -3- where <I> is the atmospherically induced phase distortion at the telescope They found that at the angular frequency of 3 cycles/arc second (one fifth of their angular frequency cutoff), the speckle correlation dropped by 50% for a binary star spacing of 4.7 arc seconds. In this paper we present a new measurement of the isoplanatic patch using a real-time 9 phase-correcting telescope at Mt. Wilson Observatory.
APPARATUS 9
The measurement used a flexible-mirror telescope that corrects the phase perturbations induced by the atmosphere, restoring the image to the diffraction limit of the 30 x 5 cm aperture. For simplicity, the apparatus waS designed to correct along one dimension only, as this is adequate for binary stars and for atmospheric studies. The active optical element is placed three quarters of the way from the primary mirror to the focus. This element is a flat mirror divided into six mirror elements, the system attains the configuration necessary to correct the phase perturbations, thus producing a diffraction-limited peak.
This correction cycle must be repeated within five to ten milliseconds, the characteristic speckle-change time. A gate on the image-recording device selects the better Portions of the images produced by the telescope and rejects those for which the telescope was unable to keep up with the atmospheric phase changes. A typical run lasts 20 minutes. Figure 2 shows a schematic diagram of the apparatus with its feedback circuitry.
RESULTS
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We obtained real-time corrected images of Castor (a Gem) , Algieba (y Leo) and Almach (y And) at Mt. Wilson Observatory from October 3 to November 18, 1977. These double stars were chosen because they are bright, the relative-magnitude difference of each pair is small, and they could be observed near the zenith.
We recorded many images of these three double stars.
Most of these images are not useful for isoplanatic patch studies because the seeing was "too good" for our telescope. Two inoperative mirror elemerits at one end had reduced the effective aperture to 20 cm, for which the diffraction limit is 0.5 arc sec. At Mt. Wilson the s~eing (which in this paper denotes the FWHM of the image with the phase correction turned off) frequently approached that limit, so that little or no phase correction was needed to acbieve the diffraction limit of our small aperture. When the seeing was as bad as 1.5 arc sec we could easily detect the effect of phase correction in improving the image of the bright star, but noise in the image-acquisition system would have demanded. excessively long runs to determine the extent to which the dim companion was similarly sharpened. Therefore we restrict ourselves to the results obtained when the seeing was worse than two arc sec. In Figures 3 and 4 it is apparent that the telescope sharpened the image of the dim star nearly as much as that of the bright star.
Therefore light .from both stars must have undergone approximately the same distortion, and we conclude that the dim companion lay within the isoplanatic patch of the brighter star. In ' Figure 5 , the bright star's image was sharpened when the feedback was turned on but the dim stat's image was not .. Thus the dim star of Almach lay outside of the isoplanatic patch of its brighter companion.
If we assume that the isoplanatic patch size was similar on these three nights of poor seeing, then as the stellar separations in Figures . . 3, 4, and 5 are 2, 4, and 10 'arc seconds respectively, the isoplanatic patch size must have been between 4 and 10 arc seconds, for spatial frequency components less than our cutoff of 2 cycles/arc sec. It is important to determine whether or not our results can be.
extended to. larger telescopes. Suppose that our small image-sharpening telescope has sharpened both images of a double star to the diffraction limit, and that both stars lie within the isoplanatic patch. Now suppose our image sharpening telescope is replaced by a much larger one and we sharpen the primary star to its (much smaller) diffraction limit. The secondary star will presumably be sharpened to an image narrower than the diffraction limit of the small telescope, but will i t be sharpened all the way to the diffraction limit of the large tele- .v The size of the image is then roughly independent of telescope size.
In our three isoplanatic-patch-size measurements, D/he is about 16, 7, and 3 for figures 3, 4, and 5 respectively. Since our small telescope is in this asymptotic region, we expect that under the same atmospheric conditions the 200 inch telescope would also measure the isoplanatic patch to be about 6 arc seconds.
We emphasize that our measurements were taken in one place and one season with different speckle-change times. More measurements are needed, especially with larger apertures so that the isoplanatic patch size can be measured on nights when the seeing is closer to the 0 .. ... Other variables are defined in the text or in Figure 1 .
Tatarski 37 derived a formula relating D<p(X) to C~(s). With the substitution s = h sec a, his result becomes 2 
5/3 2
(1) D<p(x) = 2.9lk sec a x fCn(h)dh
1ncorporate t e x epen ence to e 1ne r y o For a one-dimensional telescope such as ours, the uncorrected point spread function is (within a proportionality constant) D 1 Although the feedback loop involved the bright star only, the telescope sharpened the images of both stars. In (c), the uncorrected background beneath the corrected peaks has contributions from phase variations within a single mirror element and from incomplete phase correction due to seeing changes more rapid than the telescope could follow. . c Transverse coherence distance, corrected to remove zenith-angle dependence (Appendix eq. (4)) and corrected for size of telescope aperture (Appendix eq. (3». We neglect here the effect due to the removal of a portion of the seeing by our steering system. c '\.
